ABSTRACT Eukaryotic ribosomal proteins, which participate in the structure and function of the translational machinery, are generally well conserved. In Aedes and Anopheles mosquitoes (Diptera: Culicidae), however, ribosomal protein S6 (RpS6) contains a low-complexity, C-terminal extension that is absent from its homolog in Drosophila melanogaster Meigen and Manduca sexta (L.). To explore the distribution of RpS6 C-terminal extensions in genera phylogenetically closer to mosquitoes than is Drosophila, we recovered cDNAs encoding RpS6 from a phantom midge (Chaoborus sp.), a midge (Chironomus sp.), a blackßy (Simulium sp.), and a phantom crane ßy [Bittacomorpha clavipes (F.)]. Sequences of deduced translation products showed that RpS6 extensions occurred only in members of the Culicomorpha, and they were absent from B. clavipes, a member of the Ptychopteromorpha, which forms the sister group to the Culicomorpha. Likewise, the extension did not occur in Telamtoscopus sp., a moth ßy classiÞed among the more distantly related Psychodomorpha. The C-terminal extensions on RpS6 ranged in length from 81 to 190 amino acids, they were highly enriched for lysine and alanine, and they seem to be evolving more rapidly than the conventional portion of the RpS6 protein shared by all eukaryotes. Although analysis of RpS6 protein was consistent with analyses based on ribosomal DNA, suggesting that Chironomidae is the sister group to the remaining families in the Culicomorpha, trees generated from RpS6 amino acid sequences were largely congruent with accepted phylogenies based on morphological characters. Our results suggest that a C-terminal, lysinerich extension on RpS6 is a potential molecular synapomorphy for the Culicomorpha.
Ribosomal proteins (Rp) are highly conserved, structural components of the ribosome that participate in various aspects of protein synthesis. In mosquitoes, increased ribosome biosynthesis and accumulation after a bloodmeal facilitates the high levels of metabolic activity required for oogenesis (Hotchkin and Fallon 1987) . From a functional perspective, one of the most interesting ribosomal proteins is RpS6. Unlike most eukaryotic ribosomal proteins, RpS6 is phosphorylated by a 70-kDa S6 protein kinase (p70 S6K ), whose activation is blocked by the macrolide antibiotic rapamycin (Chung et al. 1992) .
In various insects, RpS6 phosphorylation is inßu-enced by endocrine factors, including 20-hydroxyecdysone and juvenile hormone (Itoh et al. 1987 ) and prothoracicotropic hormone (Song and Gilbert 1995) , but general features of this regulation remain to be established. In Drosophila melanogaster Meigen, disruption of the DNA sequence upstream of the rpS6 gene by P element insertion causes hypertrophy of the hematopoietic organs and abnormal differentiation, culminating in larval death (Stewart and Denell 1993a) . Despite progress in understanding the signaling pathways that lead to RpS6 phosphorylation (Oldham et al. 2000) , the precise role of RpS6 in regulation of translational efÞciency, ribosome biogenesis, and initiation of protein synthesis remains unclear (Sturgill and Wu 1991, Fumagalli and .
On polyacrylamide gels, RpS6 from the mosquitoes Aedes albopictus (Skuse) and Aedes aegypti (L.) migrates with an estimated mass of 49 kDa, and it is the largest protein on the small ribosomal subunit (Johnston and Fallon 1985, Hotchkin and Fallon 1987) . In contrast, RpS6 in D. melanogaster and in the moth Manduca sexta (L.) have been shown experimentally to have masses of 32Ð34 kDa. The larger size of Aedes RpS6 is due to an extension of Ϸ100 amino acids on the C-terminal end of the protein (Hernandez and Fallon 1999) , which does not occur in RpS6 from D. melanogaster and M. sexta. A similar C-terminal extension is encoded by rpS6 cDNA from Anopheles stephensi Liston mosquito cells, and in the genome of Anopheles gambiae Giles. In the rpS6 genes from both Aedes and Anopheles mosquitoes, the C-terminal extension is encoded in exon 3, immediately contiguous with sequence encoding the phosphorylation sites in the conventional RpS6 protein (Hernandez et al. 2003) .
Aside from its absence in RpS6 from D. melanogaster, which is classiÞed among the so-called higher Diptera (Hernandez et al. 2003) found that the Cterminal extension was also absent from RpS6 in a representative of the Psychodidae, Telmatoscopus sp., which is classiÞed with mosquitoes in the Nematocera, or "lower" Diptera, albeit in a distinct infraorder. Although the precise placement of the Psychodidae differs in the phylogenies described by various authors (Yeates and Wiegmann 1999) , Telmatoscopus clearly lies outside the Ptychopteromorpha-Culicomorpha clade, which includes the mosquitoes and forms the sister-group of the remaining extant Diptera (Oosterbroek and Courtney 1995). In the current study, we used polymerase chain reaction (PCR)-based approaches to examine whether RpS6 C-terminal extensions are encoded by cDNAs from representatives of the Ptychopteromorpha and Culicomorpha. The presence of the C-terminal extension in members of the Culicomorpha, but not in a member of the Ptychopteromorpha, constitutes a molecular character that supports the monophyly of the Culicomorpha and suggests that the C-terminal extension originated after separation of the Culicomorpha and Ptychopteromorpha lineages.
Materials and Methods
Insects and GenBank Accession Numbers. Species and GenBank accession numbers for sequences used in the current study are listed in Table 1 , which follows the classiÞcation of Nematocera described by (Wood and Borkent 1989) . Chaoborus sp. and Chironomus sp. larvae were collected from an artiÞcial pond in Afton, MN; Simulium sp. larvae were collected in Trout Brook; and ptychopterid adults [Bittacomorpha clavipes (F.)] were collected from wetland adjacent to Trout Brook, in Afton State Park, Afton. Larvae were examined individually and identiÞed to genus. Insects were quick-frozen in liquid nitrogen and stored at Ϫ80ЊC, or immediately ground into a Þne powder. Total RNA from approximately Þve to 10 representatives of each species was extracted using guanidinium isothiocyanate followed by cesium chloride centrifugation as detailed by (Davis et al. 1986 ).
Synthesis of First-Strand cDNA. Reverse transcriptase-PCR was carried out by mixing, in a total volume of 12 l, 1Ð5 g of total RNA template, 0.8 mM of each of the four deoxyribonucleotide triphosphates (dNTPs), and 0.4 mM oligo(dT) primer. The reaction was heated at 65ЊC for 5 min and chilled on ice. Four microliters of Þrst-strand buffer, 2 l of 0.1 M dithiothreitol, 40 U of RNaseOUT (Invitrogen, Carlsbad, CA), and 200 U of SuperScript II (Invitrogen) were added. The sample was incubated at 42ЊC for 50 min, followed by inactivation at 70ЊC for 15 min. The sample was then incubated with 2 U of RNase H (Invitrogen) at 37ЊC for 20 min to remove RNA template. The sample was used immediately for PCR, or stored at Ϫ20ЊC.
PCR. Two forward primers were designed based on nucleotide sequences encoding rpS6 from Ae. albopictus, An. gambiae, and D. melanogaster. Forward primer pF1: 5Ј-AAC GAC AAG CAG GGT TTC CC was used with oligo(dT) to obtain rpS6 cDNA from Chaoborus sp., Chironomus sp., and Simulium sp. Forward primer pF2: 5Ј-CTG CTC CTG AAG AAG GGA CAC TC was used with oligo(dT) to obtain rpS6 sequence from B. clavipes. The PCR reaction was performed in a Progene cycler (Techne, Cambridge Ltd., Duxford, Cambridge, United Kingdom). The reaction contained 1 l of template cDNA, 200 M each dNTP, 0.4 M each primer, 1.5 mM MgCl 2 , and 2.5 U of Taq polymerase (Promega, Madison, WI) in a total volume of 50 l. The sample was denatured at 94ЊC for 3 min, followed by 35 cycles at 94ЊC for 60 s, 56ЊC for 60 s, and 72ЊC for 90 s, with a Þnal extension at 72ЊC for 3 min. PCR products were electrophoresed on a 0.9% agarose gel, and bands were recovered using UltraClean15 from Mo Bio Labs (Solana Beach, CA). PuriÞed PCR products were ligated into pGEM-T Easy vector (Promega) and introduced into DH5␣ competent cells (Invitrogen) by transformation.
DNA Sequencing. To ensure accuracy in base-calling, three independent clones were sequenced in both directions using SP6 and T7 primers at the University of Minnesota Advanced Genetics Analysis Center (St. Paul, MN). Sequence data were aligned using ClustalX (Thompson et al. 1997 ) and analyzed with maximum parsimony and neighbor-joining in PAUP* (Swofford 2000) , by using parameters described in individual Þgure legends. Analysis of RpS6 gene organization in D. melanogaster was based on release 3.2 of the annotated genome.
Results

Composition of C-Terminal Extensions on RpS6.
The unusual, C-terminal extension in Ae. albopictus RpS6 and its relation to the well-conserved "conventional" portion of the protein common to Ae. albopictus, D. melanogaster, and M. sexta RpS6 are shown in Fig. 1 , in which the C-terminal extension is enclosed by a box. The N-terminal Ϸ250 residues of RpS6 are well conserved among the three insects, as is indicated by the consensus asterisks below the alignment. Most of the differences represent conservative amino acid replacements. Within the N-terminal, conventional region of RpS6, forward-pointing arrows designate residues corresponding to pF1 (based on amino acid residues NDKQGF) and pF2 (LLLKKG), which corresponded to forward PCR primers used with oligo(dT) to obtain PCR products encoding corresponding amino acid sequences from other ßies, by using cDNA produced from total RNA as template.
Note that the Ae. albopictus C-terminal extension, or tail, is rich in alanine (A) and lysine (K) residues, which often occur in pairs or triplets (designated below the sequence in Fig. 1 as open and closed boxes, respectively), and that the extension overall contains many short exact, or nearly exact repeats. Despite the distribution of aspartic acid (D) and glutamic acid (E) throughout its length, the isoelectric point of the Ae. albopictus C-terminal extension alone (pI ϭ 11.0) was comparable to that of the protein as a whole (pI ϭ 11.3; Hernandez and Fallon 1999) and consistent with the basic nature of ribosomal proteins. Note, however, that the two basic residues K and arginine (R) are both well represented in the conventional portion of the protein, whereas the C-terminal extension in the Ae. albopictus protein contains only one R residue (see the upward-pointing arrow in the boxed portion of Fig. 1) .
Analysis of Conventional Portion of RpS6. Ribosomal proteins are encoded by relatively abundant mRNAs, and it is not surprising that a number of RpS6 sequences from insects other than those investigated here have been deposited in the databases. Figure 2 shows an alignment of the conventional portion of RpS6 downstream of the LLLKKG motif (amino acid residues 75Ð 80 in the full-length protein) corresponding to forward primer pF2 (Fig. 1) . Note that the Forwardpointing arrows indicate the positions of primers pF1 and pF2, used to obtain PCR products encoding Chaoborus, Chironomus, Simulium, and B. clavipes RpS6. In the alignment, amino acid residues identical to those in D. melanogaster have been replaced by dots. The alignment was generated using ClustalX (Thompson et al. 1997 ) with pairwise alignment parameters set to 35.00 for the gap opening penalty and 0.75 for the gap extension penalty. Multiple alignment parameters used a gap opening penalty of 15.00 and gap extension penalty of 0.3. The C-terminal 25 residues common to the three proteins were aligned manually by adjustment of the gap length to be consistent with the alignment shown in Fig. 2 . Symbols below the alignment designate identity (*), strongly conserved (:), and weakly conserved (.) amino acids. Within the boxed C-terminal extension, solid lines designate lysine pairs/triplets, and open boxes designate alanine pairs/triplets. The arrow designates the single arginine residue, and the asterisk represents the stop codon. alignment shows an overall high level of conservation, particularly among the N-terminal 120 residues, as is indicated by dots within the alignment, and consensus asterisks below the alignment. Where variation occurs, casual inspection suggests that variation follows established taxonomic groupings. Note for example, insertion of the "ENA" triplet and "QEEI/LK" pentamer uniquely in the three Lepidoptera. Although the most variation occurs at the C-terminal end of the protein, each sequence contains a minimum of six serine (S) residues in proximity, which serve as potential phosphorylation sites.
To explore the extent to which the conventional portion of RpS6 predicts phylogenetic relationships among the Diptera, we used the alignment shown in Fig. 2 to create a phylogram, generated in PAUP* with the optimality criterion set to parsimony. A consensus tree was computed from seven trees that showed identical topologies among the Culicomorpha, but it differed in placement of the Ptychopteridae and Psychodidae, relative to the clade containing Glossina and Drosophila. These data were then subjected to 1,000 bootstrap replications, and the resulting phylogram is shown in Fig. 3 (relative numbers of changes are shown on horizontal lines; bootstrap values are circled). The single representative of the Coleoptera (beetles) was designated as the outgroup. The analysis correctly grouped the three Lepidoptera as a distinct clade, relative to the Diptera. Among the ßies, the members of the higher Diptera, or Brachycera (Glossina and Drosophila), formed a single clade, with 98% bootstrap support. Among the lower Diptera, or Nematocera, analysis of RpS6 supported monophyly of the Culicomorpha with 91% bootstrap support. Al- Fig. 2 . Alignment of the amino acid residues downstream of primer pF2. The alignment was generated using ClustalX (Thompson et al. 1997 ) with pairwise alignment parameters set to 35.00 for the gap opening penalty and 0.75 for the gap extension penalty. Multiple alignment parameters used a gap opening penalty of 15.00 and gap extension penalty of 0.3. though the sequences of C-terminal extensions were not included in the data from which this tree was derived, the presence of RpS6 C-terminal extensions, indicated by circled plus signs, was restricted to the Culicomorpha. Relative to phylogenies based on morphological features, however, RpS6 did not provide resolution between the Psychodidae and Ptychopteridae. We obtained an identical topology with similar levels of bootstrap support when trees were generated with the optimality criterion set to distance and the tree constructed by neighbor joining (data not shown).
Analysis of the RpS6 C-Terminal Extension. In Table 2, we summarize the distribution and length of RpS6 tails in members of the Culicidae, Psychodidae, Ptychopteridae, Chironomidae, Chaoboridae, and Simuliidae from the present work, and we include data from a published representative of the Ceratopogonidae, Culicoides sonorensis Wirth & Jones (Campbell et al. 2005) . Among these ßies, only the representatives of the Culicomorpha have a C-terminal extension on RpS6. Tails range in length from 81 to 190 amino acid residues, and they contain a preponderance of A, K, proline (P), D, and E, which in aggregate account for 79 Ð 89 mole-percent of each C-terminal extension. Consistent with their high lysine content, the pI of the various C-terminal extensions ranged from 10.85 to 11.07. Figure 4 compares the sequences of the C-terminal extensions in the Culicomorpha. Note, however, that the low complexity and short internal repeats preclude reliable alignment by homology-based algorithms and that other alignments are possible. At best, we can assign 19 consensus residues, of which 16 are lysine. The high divergence of the C-terminal extension suggests that this portion of the protein is evolving rapidly, relative to the conventional portion of the RpS6 protein. Moreover, the presence of the C-terminal extension in RpS6 proteins puriÞed from the Ae. albopictus ribosome indicates that the extra residues remain in place during ribosome biogenesis (Hernandez et al. 2003) .
The most unusual feature of the RpS6 C-terminal extensions was the occurrence of a single R residue, located in an APKRK motif conserved in all but Culicoides (see the boxed area in Fig. 4) . In Culicoides, however, a single R is present as the second residue of the C-terminal extension. In contrast, both R and K are abundant, and they often occur as conservative substitutions in the conventional portion of RpS6. Within the C-terminal extension, the Þnal Ϸ40 residues (see the dashed box in Fig. 4) constituted the best-conserved portion of the protein. A phylogram based on these amino acid sequences, by using Chironomus as the outgroup (Pawlowski et al. 1996) , is shown in Fig.  5 . Despite limitations in the underlying alignment, the tree correctly groups members of the two mosquito genera (Ae. albopictus and Ae. aegypti versus An. gambiae and An. stephensi). Consistent with morphological data and molecular data based on 28S rDNA (Pawlowski et al. 1996) , the RpS6 C-terminal extension supports the Chaoboridae as the sister group to the Culicidae, with higher bootstrap support for the C-terminal extension, relative to the conventional portion of the RpS6 protein (compare Figs. 3 and 5) . Pawlowski et al. (1996) further speculated that the Chironomidae is a possible sister group to the remaining Culicomorpha. This conclusion also is supported Fig. 3 . Bootstrap 50% majority rule consensus tree created in PAUP* (Swofford 2000) from conserved RpS6 amino acid sequences common to all species. The tree was created from the alignment shown in Fig. 2 , by using an heuristic search with the optimality criterion set to parsimony, all characters unordered and equally weighted, and gaps treated as "missing". There were 71 parsimony-informative characters. Bootstrapping was based 1,000 replicates, and values Ͼ50% are circled. The Tribolium sequence was deÞned as the outgroup. Circled "plus signs" designate members of the Culicomorpha. MEDICAL ENTOMOLOGY Vol. 44, no. 4 by our analysis of the conventional RpS6 protein core with 91% bootstrap support (Fig. 3) , is consistent with our analysis of the C-terminal extensions (Fig. 5) , and is supported by conclusions of Saether (2000) that division of the Culicomorpha into two distinct superfamilies may not be warranted. In aggregate, molecular data based on the RpS6 protein support the monophyly of the Culicomorpha, and they suggest that the C-terminal extension on RpS6 may be a molecular synapomorphy for this group. To verify the absence of a C-terminal extension in RpS6 from D. melanogaster and Bombyx mori (L.), whose genome annotations have been updated since our earlier analyses, we reinvestigated the organization of these rpS6 genes and contiguous downstream sequence. In B. mori, we examined accession AADK0101129, a 10,691-bp sequence from strain "Dazao." The cDNA encoding RpS6 (AY769320) was aligned with this sequence, identifying six exons spanning 3.7 kb. We translated the Þnal exon and sequence extending 4.5 kb downstream of the stop codon in the three forward reading frames, veriÞed the presence of sequence encoded by exon 6, and examined the remaining downstream DNA for translation products containing a lysine-rich motif resembling what we have described here for RpS6 from members of the Culicomorpha. No such motifs occur in any of the three reading frames, suggesting that accession AY769320 (Table 1) for B. mori RpS6 is correct.
In D. melanogaster, three potential isoforms of the RpS6 protein are described in FlyBase, release 3.2 (Misra et al. 2002) : CG10944-PA, with 217 amino acid residues; CG10944-PB, with 248 residues; and CG10944-PC, with 251 residues. These proteins have minor variations at the N terminus, presumably arising from alternative splicing. The sequence shown in Fig.  1 is that of isoform B. In isoform C, there are three additional residues: MSS, upstream of the initiating methionine in CG10944-PB, and the Þrst two residues (MK in CG10944-PB) are replaced by DC. The N terminus of isoform A initiates at M32 in CG10944-PB. With these exceptions, the amino acid sequences of the three D. melanogaster RpS6 isoforms are identical. Fig. 4 . Alignment of RpS6 C-terminal extensions in the Culicomorpha. The closed box designates the position of a conserved R residue in most of the sequences, and parameters were adjusted to optimize alignment of this residue. The alignment was produced in ClustalX (Thompson et al. 1997 ) with the pairwise alignment gap opening set to 5, and gap extension set to 0.1. For the multiple alignment, the gap opening was 5, the gap extension was 0.2, and delay divergent sequences was set to 5. Consensus symbols are indicated below the alignment, and dashes indicate gaps introduced to maximize the alignment. The dashed box encloses C-terminal sequences used to produce the phylogram shown in Fig. 5 .
Downstream of the 3Ј end of the D. melanogaster rpS6 gene are encoded two identical 135-amino acid repeats (designated CG33222 and CG11386), which, with the introduction of four gaps, include 79 amino acid identities to the corresponding (conventional) C-terminal end of the D. melanogaster RpS6 protein. This 3Ј triplication has been attributed to unequal crossing over (Stewart and Denell 1993b) . Farther downstream, we examined the distribution of lysines in an additional 7.6 kb of sequence, and we found no evidence that a C-terminal extension comparable to that in Culicomorpha RpS6 might be added to the D. melanogaster rpS6 transcript by splicing within this extended region.
Discussion
This study evolved from our interest in potential functions of RpS6, which is well-known as the major phosphorylated protein on the eukaryotic small ribosomal subunit. Cloning efforts showed that in Aedes and Anopheles mosquitoes, rpS6 cDNA encodes a Cterminal extension characterized by repeating motifs rich in lysine, alanine and proline that can be described as a "low-complexity" region (Wootton 1994, Huntley and Golding 2000) . Alignment of RpS6 proteins from Aedes and Anopheles mosquitoes further indicated that the low-complexity, C-terminal extension is evolving more rapidly than the conventional RpS6 "core," represented by the N-terminal Ϸ250 residues and terminating with a series of potential phosphorylation sites common to all eukaryotic RpS6 proteins.
To explore the possibility that the C-terminal extension might be added by mRNA splicing, we determined rpS6 gene structure in Ae. aegypti and Ae. albopictus, and we examined the corresponding gene in the An. gambiae genome. In these mosquitoes, the C-terminal extension is encoded immediately downstream of sequence encoding the serine-rich C terminus of conventional ribosomal proteins, within an uninterrupted exon. Because the RpS6 C-terminal extension did not occur in D. melanogaster or in a psychodid, which is phylogenetically closer to mosquitoes than is Drosophila (Hernandez and Fallon 2003) , we used PCR-based methods to recover rpS6 cDNAs from other nematoceran families related more closely to mosquitoes. In this context, we note that although the suborder Nematocera as a whole is considered paraphyletic, monophyly of the infraorder Culicomorpha is well accepted (Oosterbroek and Courtney 1995) . In aggregate, our observations suggest that RpS6 C-terminal extensions may be restricted to, and provide a potential molecular synapomorphy for, ßies in the infraorder Culicomorpha, which includes the mosquitoes (Culicidae).
The function of the C-terminal extension on the RpS6 protein remains unknown. Although the C-terminal extension on RpS6 most closely resembles the C terminus of histone H1 proteins Fallon 1999, Hernandez et al. 2003) , there is no evidence to suggest that histone H1 and RpS6 tails are evolutionarily related (Zhai and Fallon 2005) . Histone H1 is a linker histone, which occurs in several isoforms, and it interacts with the DNA that connects conventional histone octamers, playing a key role in higher order chromatin condensation. Of the three domains in histone H1 proteins, the Ϸ100-amino acid C terminus has a distinctive, low-complexity amino acid composition that is associated with a property called "intrinsic disorder" (Hendzel et al. 2004, Lu and Hansen 2004) . Regions of intrinsic disorder have molten globular structures in their native state, but may assume classical secondary structure when they interact with other macromolecules. It is not surprising that bacterial ribosomal proteins have regions of potential intrinsic disorder (Dunker et al. 2002) , which likely facilitate folding and stabilization of rRNA structure (Treiber and Williamson 2001) . In this context, it will to be of interest to learn whether some aspect of the biology of the Culicomorpha accounts for the apparently narrow distribution of the RpS6 C-terminal extension described here, relative to the more widely distributed N-terminal extensions in Rp L23a, which occur not only in mosquitoes but also in Drosophila (Hernandez and Fallon 2007) . The possibility that these extensions facilitate ribosome biogenesis under extreme environmental conditions may be amenable to exploration in transfected mosquito cell lines (Fallon and Kurtti 2005) , and their rapid evolution has potential value in further phylogenetic determinations with more extensive data sets.
Existing phylogenies are largely based on morphological characters of adult and larval insects, and only a few molecular studies have addressed relationships among the families that comprise the Culicomorpha generally, or more speciÞcally, the subfamilies of the Culicinae, which include important vectors of human diseases. Although these studies involved primarily rRNA genes (Pawlowski et al. 1996 , Friedrich and Tautz 1997 , Miller et al. 1997 ), which are not translated, they provide a framework for comparison of our analysis based on RpS6 protein and insight into the potential utility of ribosomal protein sequences for resolving outstanding controversies in the phylogeny of the Diptera.
Based on 18S and 5.8S rDNA sequences, Miller et al. (1997) concluded that the absence of a transcribed spacer in the 5.8S rDNA is a synapomorphy deÞning the Culicidae. Consistent with morphological data, rDNA sequences identiÞed the Chaoboridae as the sister group to the Culicidae, a conclusion consistent with our analysis of RpS6, albeit with higher bootstrap support for the C-terminal extension, relative to the conventional portion of the RpS6 protein (compare Figs. 3 and 5 ). Based on 28S rDNA, Pawlowski et al. (1996) also veriÞed the Chaoboridae as the sister group to the Culicidae, and they further speculated that the Chironomidae is a possible sister group to the remaining Culicomorpha. The latter conclusion is supported by our analysis of the conventional RpS6 protein core with 91% bootstrap support and by the observation of Saether (2000) that division of the Culicomorpha into two distinct superfamilies (Culicoidea [Culicidae, Chaoboridae, Corethrellidae and Dixidae] and Chironomoidea [Chironomidae, Ceratopogonidae, Simuliidae and Thaumaleidae]) may not be warranted.
We note that in contrast to amino acids, comparison of nucleotide sequences encoding the RpS6 core failed to yield trees consistent with the accepted relationships among dipteran families (analyses not shown). Likewise, comparisons based on the nucleotide sequence of RpL36 failed to recover the phylogenetically accepted tree for lepidopteran families (Landais et al. 2003) . Similarly, Besansky and Fahey (1997) found that nucleotide sequences of the white gene, whose product is involved in transport of eye pigment precursors, required exclusion of third codon data and "a posteriori" weighting of Þrst and second codon data, to generate a tree that agreed with phylogenies based on traditional morphology and ribosomal DNA. As was the case for RpS6 described here, however, direct analysis of white based on amino acid sequence generated a tree with accuracy to at least the family level. Although these analyses represent a limited number of protein coding genes, examined in relatively few species, they suggest that translation products, rather than the gene itself, provide more reliable phylogenetic information, despite the fact that protein sequences yield fewer parsimony-informative characters. In support of this generalization, Vishwanath et al. (2004) show that comparisons based on amino acid sequences of orthologous ribosomal proteins provide valuable insight into phylogenetic relationships among bacteria in relation to the origin or eukaryotes. Insofar as the RpS6 extension is not interrupted by introns, at least in Aedes and Anopheles mosquitoes, further comparisons of this rapidly evolving portion of the protein will be facilitated by PCRbased, direct ampliÞcation of DNA template, without the requirement for cDNA synthesis from mRNA template. As additional protein coding genes, extending over a wider range of Diptera, are added to the databases, it will be of interest to explore how resulting phylogenies impact our understanding of ongoing controversies regarding the evolution of this large and important order of insects.
